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DEPARTMENT OF ENERGY

10 CFR Part 850

[Docket No. EH-RM—-98-BRYLM]

RIN 1901-AA75

Chronic Beryllium Disease Prevention
Program

AGENCY: Office of Environment, Safety
and Health, Department of Energy.
ACTION: Notice of proposed rulemaking
and public hearings.

SUMMARY: The Department of Energy
(DOE or the Department) is proposing
regulations to establish a chronic
beryllium disease prevention program
(CBDPP) to reduce the number of
workers currently exposed to beryllium
in the course of their employment with
DOE or its contractors, minimize the
levels of and potential for exposure to
beryllium, and establish medical
surveillance requirements to ensure
early detection and treatment of disease.
The proposed rule would be applicable
to DOE Federal and contractor
employees and subcontractors during
the performance of beryllium work at
DOE facilities. This action would codify
the interim program requirements
currently prescribed in DOE directives
and protect the health and safety of
workers.

DATES: The comment period for this
proposed rule will end on March 9,
1999. Public hearings will be held on:
February 3, 1999, in Oak Ridge, TN,
from 9:00 a.m. to 1:00 p.m. and 6:00
p.m. to 9:00 p.m.; February 9, 1999, in
Golden, CO (Denver), from 9:00 a.m. to
1:00 p.m. and 6:00 p.m. to 9:00 p.m.;
and February 11, 1999, in Washington,
DC, from 9:00 a.m. to 1:00 p.m.

Requests to speak at any of the
hearings should be phoned in to Andi
Kasarsky, 202-586—3012, by February 1,
1999, for the Oak Ridge, TN, hearing;
February 5, 1999, for the Golden, CO,
hearing; and February 10, 1999, for the
Washington, DC, hearing. Each
presentation is limited to 10 minutes.
ADDRESSES: Written comments (ten
copies) should be addressed to:
Jacqueline D. Rogers, U.S. Department
of Energy, Office of Environment, Safety
and Health, EH-51, Docket Number EH—
RM-98-BRYLM, 1000 Independence
Avenue, SW, Washington, D.C. 20585.
Where possible, commenters should
identify the specific section to which
they are responding.

Copies of the public hearing
transcripts, written comments received,
technical reference materials referred to
in this notice, and any other docket
material may be reviewed and copied at

the DOE Freedom of Information
Reading Room, Room 1E-190, 1000
Independence Avenue, SW,
Washington, DC 20585 between the
hours of 8:30 a.m. and 4:00 p.m.,
Monday through Friday, except Federal
holidays. The docket file material for
this rulemaking will be filed under
“EH-RM-98-BRYLM.” In addition,
related prerulemaking docket material is
filed under “BERYLLIUM
STANDARD.” This material may also be
reviewed and copied at the DOE
Freedom of Information Reading Room
at the address noted previously. The
technical material from the BERYLLIUM
STANDARD docket file may also be
reviewed at the DOE Rocky Flats
Freedom of Information Reading Room
and the DOE Oak Ridge Public Reading
Room.

The public hearings for this
rulemaking will be held at the following
addresses:

Oak Ridge, TN: The American Museum
of Science and Energy, 300 South
Tulane Avenue, Auditorium, Oak
Ridge, TN 37830

Golden, CO (Denver): National
Renewable Energy Laboratory, Visitor
Center, Auditorium, 15013 Denver
West Parkway, Golden, CO 80401 (I-
70, Exit 263, right at top of exit ramp
if coming from Denver, left at stop
sign, building on right)

Washington, DC: U.S. Department of
Energy, Room 1E-245 (first floor, E
corridor), 1000 Independence
Avenue, SW, Washington, DC 20585

For more information concerning
public participation in this rulemaking
proceeding, see Section VIII of this
notice (Public Comment Procedures).

FOR FURTHER INFORMATION CONTACT:
Jacqueline D. Rogers, U.S. Department
of Energy, Office of Environment, Safety
and Health, EH-51, 1000 Independence
Avenue SW, Washington, DC 20585,
301-903-5684 or Edward LeDuc, U.S.
Department of Energy, Office of General
Counsel for Environment, 1000
Independence Avenue SW, Washington,
DC 20585, 202-586-6947.

For information concerning the public
hearings, requests to speak at the
hearings, submittal of written
comments, or to obtain copies of
materials referenced in this notice,
contact: Andi Kasarsky, 202-586-3012.

SUPPLEMENTARY INFORMATION:

I. Overview
Il. Legal Authority and Relationship to Other
Regulatory Programs
I1l. Chemical Identification and Use
IV. Health Effects
A. Introduction
B. Chronic Beryllium Disease
C. Beryllium Exposures at DOE Operations

D. Epidemiology
E. Value of Early Detection
V. Request for Information
VI. Section-by-Section Analysis
A. Subpart A—General Provisions
B. Subpart B—Administrative
Requirements
C. Subpart C—Specific Program
Requirements
VII. Procedural Requirements
A. Review Under Executive Order 12866
B. Review Under the Regulatory Flexibility
Act
C. Review Under the Paperwork Reduction
Act
D. Review Under the National
Environmental Policy Act
E. Review Under Executive Order 12612
F. Review Under Executive Order 12988
G. Review Under the Unfunded Mandates
Reform Act of 1995
VIII. Public Comment Procedures
A. Written Comments
B. Public Hearings
Appendix—References

l. Overview

The Department of Energy (DOE) has
a long history of beryllium use because
of the element’s broad application to
many nuclear operations and processes.
Beryllium metal and ceramics are used
in nuclear weapons, as nuclear reactor
moderators or reflectors, and as nuclear
reactor fuel element cladding. At DOE,
beryllium operations have historically
included foundry (melting and
molding), grinding, and machine tooling
of parts.

Inhalation of beryllium dust or
particles causes chronic beryllium
disease (CBD) and beryllium
sensitization. CBD is a chronic, often
debilitating, and sometimes fatal lung
condition. Beryllium sensitization is a
condition in which a person’s immune
system becomes highly responsive
(allergic) to the presence of beryllium in
the body. There has long been scientific
consensus that exposure to airborne
beryllium is the only cause of CBD.

As of June 1998, 110 workers have
been diagnosed with CBD, and another
232 workers have become sensitized to
beryllium from among the 8,951 current
and former DOE Federal and contractor
workers who were screened for the
disease. DOE anticipates an increase in
the number of workers who may be
exposed to beryllium as the Department
moves forward with deactivating and
decommissioning former nuclear
weapons production facilities.

The current worker protection
permissible exposure limit (PEL) of 2
png/m3, measured as an 8-hour, time-
weighted average (TWA), was adopted
by the Occupational Safety and Health
Administration (OSHA) as codified in
29 CFR 1910.1000 Tables z-1, Z-2 and
Z-3in 1971 by reference to existing
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national consensus standards. This limit
of 2 pg/ms3 was set by DOE and its
predecessor agencies, the Energy
Research and Development
Administration (ERDA) and the Atomic
Energy Commission (AEC), for
application at their facilities in 1949.
Between the 1970s and 1984, there was
a significant reduction in the incidence
rate of the disease. This, coupled with
the long latency period for the disease,
led to the assumption that CBD was
occurring only among workers who had
been exposed to high levels of beryllium
decades earlier (e.g., in the 1940’s).
However, DOE medical surveillance
programs are discovering cases of CBD
among workers who were first exposed
after 1970, when DOE facilities were
expected to maintain worker exposure
to beryllium at levels below the OSHA
PEL.

The number of confirmed cases of
CBD, data suggesting the occurrence of
CBD among workers with low-level
exposures, and the expected future
increase in the number of workers
potentially exposed to beryllium all
indicate a need for more aggressive
workplace controls to minimize worker
exposure to beryllium in the DOE
complex. Accordingly, DOE has
developed this notice of proposed
rulemaking (NOPR) to establish a
performance-based approach to
protecting DOE Federal and contractor
employees from the adverse health
effects resulting from occupational
exposure to beryllium and preventing
cases of CBD resulting from DOE
operations. DOE proposes to accomplish
this goal through the implementation of
a comprehensive chronic beryllium
disease prevention program (CBDPP),
which is designed to reduce the number
of workers exposed, minimize the levels
of beryllium exposure and the potential
for beryllium exposure, and establish
medical surveillance protocols to ensure
early detection of disease. Because the
occupational health community,
including OSHA and the American
Conference of Governmental Industrial
Hygienists (ACGIH), does not at this
time have sufficient exposure and
health effects data to establish a new 8-
hour TWA exposure limit for beryllium
exposure, DOE is instead including in
the proposed regulation a short-term
exposure limit (STEL) of 10 pg/ms3 for
small-scale, short-duration operations,
an 8-hour TWA action level of 0.5 pg/
m3 for triggering certain precautions and
control measures, and an exposure
reduction and minimization
requirement that will encourage
contractors to reduce potential
exposures to the action level or below.

This combined approach should
provide a reasonably safe and
achievable added layer of protection to
beryllium workers in view of data,
which suggest that CBD or beryllium
sensitization has occurred at exposures
of 2 ug/m3 or less, and in view of the
related scientific uncertainty with
respect to the adequacy of the existing
PEL. In addition to these immediate
efforts, DOE intends to adopt a revised
OSHA PEL for beryllium if OSHA
rulemaking efforts for beryllium
conclude that a new PEL for beryllium
is appropriate. DOE acknowledges that
Great Britain, which also employs a 2
pg/ms3 8-hour TWA PEL, has
experienced a minimal number of CBD
cases among its exposed work force. The
Department recognizes that the
difference between DOE’s and Great
Britain’s experiences with the
occurrence of CBD may be indicative of
the use of more stringent work practice
controls at Great Britain’s facilities. DOE
believes, however, that the fortified
approach set forth in the proposed
regulation will work towards
eradicating CBD within the Department.

DOE contractors are already required,
under DOE Order 440.1A, Worker
Protection Management for DOE Federal
and Contractor Employees, to have
general worker protection programs.
DOE Order 440.1A contains a set of
minimum general requirements that
establish the framework for the worker
protection program. The proposed rule
would enhance and supplement these
existing programs with hazard-specific
provisions to manage and control
beryllium exposure hazards.

This proposed CBDPP rulemaking
initiative has been preceded by 2 years
of information-gathering and data
analysis by the Department. In 1996, the
Department surveyed its contractors to
characterize the extent of beryllium
usage, the types of tasks involving
beryllium usage, the controls in place
for each task, the estimated number of
workers exposed during each task, and
the estimated exposure levels associated
with each task.

In summary, this survey found that
between 1994 and 1996, 10 of the 15
DOE sites surveyed performed 64
different operations or processes that
could expose workers to beryllium. The
surveyed DOE sites estimated that
between 518 and 530 workers in 58
different job categories were potentially
exposed to beryllium in the
performance of these 64 operations or
processes. Where available, reported 8-
hour TWA exposure data (personal
breathing zone monitoring results) for
these workers ranged from
nondetectable to 25 pg/m3. Most of

these exposure levels were reported to
be below the 2 ug/m3 8-hour TWA PEL.
To control worker exposures in the
affected processes or operations, the
surveyed sites reported the use of
various engineering and administrative
controls, including ventilation hoods,
glove boxes, wet machining methods,
high-efficiency particulate air (HEPA)
vacuums, regulated areas, action levels
and administrative warning levels, and
personal protective equipment. Copies
of this survey are available for review
and copying at the DOE headquarters,
Rocky Flats, and Oak Ridge Public
Reading Rooms (see the ADDRESSES
section of this NOPR for addresses and
details) as part of the prerulemaking
docket filed under BERYLLIUM
STANDARD.

To supplement the data obtained from
the 1996 survey, the Department
published a Federal Register notice on
December 30, 1996, requesting scientific
data, information, and views relevant to
a DOE beryllium health standard (61 FR
68725). The survey and Federal Register
notice were followed by two Beryllium
Public Forums, held in Albuquerque,
New Mexico, and Oak Ridge, Tennessee,
in January 1997. Responses to the
Federal Register notice and the
proceedings of the public forums are
also available in the “BERYLLIUM
STANDARD” docket file.

Acting on the information compiled
from these various sources, and in view
of the time needed to promulgate a rule,
former Secretary of Energy Pefa
directed the Office of Environment,
Safety and Health to publish a new DOE
policy to protect the workforce while
the Department moved forward with its
rulemaking process. DOE Notice 440.1,
Interim Chronic Beryllium Disease
Prevention Program, was signed by
former Secretary Pefia and issued on
July 15, 1997. The Department decided
to issue the interim Notice to direct
immediate action for the protection of
workers while the rulemaking efforts
continued. This interim Notice
established a CBDPP that enhanced and
supplemented worker protection
programs already required by DOE
Order 440.1A with hazard-specific
provisions that are designed to manage
and control beryllium exposure hazards
in the DOE workplace.

Because of the complexity and
significance of issues regarding the
development of a DOE health standard
for beryllium, former Secretary Pefa
also established the Beryllium Rule
Advisory Committee (BRAC) in June
1997 to advise the Department on issues
pertinent to the proposed rulemaking
activity. The BRAC, which consisted of
a diverse set of stakeholders and
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recognized experts from DOE, other
Federal agencies, industry, labor,
medicine, and academia, generated a set
of recommendations for consideration
in the development of a CBDPP rule.t

DOE used the BRAC
recommendations and the lessons
learned in the implementation of DOE
Notice 440.1 to develop this NOPR.
Consistent with the Department’s
worker protection philosophy and the
BRAC recommendations, the objectives
of this proposed rule are to: (1)
Minimize the number of workers
exposed to beryllium; (2) minimize the
levels of beryllium exposure and the
potential for beryllium exposure; (3)
establish medical surveillance protocols
to ensure early detection of CBD; and (4)
assist affected workers who are dealing
with beryllium health effects. In
addition, the Department intends to
collect and analyze as appropriate the
resulting exposure and health data as
part of its ongoing beryllium-related
research efforts to ensure the protection
of workers’ health. DOE will consider
the desirability of amendments to its
regulations as additional information
and feedback are collected.

This proposed rule is not being
promulgated as a nuclear safety
requirement as defined in 10 CFR part
820, Procedural Rules for Nuclear
Activities. Any radiological
implications of the two radioisotopic
forms of beryllium would be addressed
under the provisions of 10 CFR part 835,
Occupational Radiation Protection.

I1. Legal Authority and Relationship to
Other Regulatory Programs

The Department of Energy has broad
authority as provided by the Atomic
Energy Act, 42 U.S.C. 2201(i)(3) and (p)
to develop generally applicable policies
covering all aspects of defense nuclear
facilities, including protection of the
health of workers. Under the Atomic
Energy Act, DOE may impose
requirements on its contractors either by
regulation, or by administrative
directive (orders and notices) that are
made binding through incorporation
into DOE contracts.

DOE contractors currently are
required by DOE Order 440.1A, Worker
Protection Management for DOE Federal
and Contractor Employees, to have
general worker protection programs.
Additionally, on July 15, 1997, former

1BRAC recommendations were made by
individual members and groups of members, not by
majority vote. They were generated by the
facilitated process used during the meetings and
were not adopted by the committee as consensus
opinions. For convenience of reference these
recommendations are referred to as the “BRAC
recommendations.”

Secretary Pefia issued DOE Notice
440.1, Interim Chronic Beryllium
Disease Prevention Program, to
supplement the general worker
protection programs with provisions
specifically aimed at the hazards of
beryllium in the DOE work place.
Implementation of the interim Notice
depended upon negotiation with DOE
contractors to include compliance with
Notice 440.1 as a term of their contracts,
or their agreement voluntarily to
comply.

As discussed in the Overview section
of this preamble, former Secretary Péna
established a Beryllium Rule Advisory
Committee in June of 1997 to assist DOE
to develop a rule to establish permanent
Chronic Beryllium Disease Prevention
Program provisions that would apply to
all covered DOE contractors and
employees. The Department’s decision
to use rulemaking to establish a CBDPP
requirement is based on the need for
consistency in the implementation of
particular CBDPP requirements and a
desire to give all potentially affected
persons and institutions a meaningful
opportunity to provide information and
views on the proposed program.
Without a DOE rule, DOE contractors
would be obligated to bargain about
such provisions with the organizations
representing the contractors’ employees
for purposes of collective bargaining.
That approach would likely produce
inconsistent outcomes in areas such as
worker exposure monitoring and
medical surveillance. DOE believes a
rule or regulation would result in more
uniform implementation across the DOE
complex and, thus, improve worker
protection and the quality of
information generated regarding the
health effects of exposure to beryllium.

DOE recognizes that it may be
necessary in the future to amend its
CBDPP regulations if other Federal
agencies promulgate rules governing
worker exposure to beryllium. Although
DOE facilities currently are exempt from
regulation by the Occupational Safety
and Health Administration (OSHA),
DOE routinely adopts OSHA health
standards, as a matter of policy. DOE is
aware that OSHA plans to initiate a
rulemaking to examine, and possibly
revise, their current health standard for
beryllium. Additionally, DOE is
working with the Congress on plans to
eventually transfer responsibility for
regulating health and safety at DOE
facilities to another Federal agency
(probably OSHA). In light of the
uncertain timing of future actions by
OSHA or another external regulator, and
the present and potential risk to workers
at DOE facilities from beryllium
exposure, DOE has decided to proceed

with this rulemaking now. However,
considering OSHA's decision to
examine the health standard for
beryllium, DOE proposes (in proposed
section 850.22, Exposure Limits) to
express the permissible exposure limit
(PEL) as 2 ug/m3 calculated as an 8-hour
TWA exposure, as measured in the
worker’s breathing zone, or any more
stringent limit that OSHA may
promulgate pursuant to section 4(b)(1)
of the OSH Act. This language would
permit DOE to continue its policy of
requiring compliance with OSHA health
standards without conducting notice
and comment rulemaking to amend
these regulations.

I11. Chemical Identification and Use

Beryllium (atomic number 4) is a
silver-gray metal with a density of 1.85
g/cms3 and a high stiffness. Beryllium is
found in the earth’s surface in about 45
minerals. Bertrandite (BesSi2O7[OH]y) is
the major source of beryllium; other
important beryllium-containing
materials include beryl
(3Be0.Al,036.Si0y), chrysoberyl
(BeAlx04), and phenacite (BeSiO,). The
alloying property of beryllium confers
on metals specific properties of
resistance to corrosion, vibration, and
shock; beryllium can also improve alloy
hardness and ductility. For example, the
addition of only 2 percent or less
beryllium to copper forms an alloy with
high strength and hardness. Few other
copper alloys are capable of this type of
strengthening.

Because of their strength, formability,
thermal and electrical conductivities,
magnetic transparency, and corrosion
resistance, beryllium alloys (especially
beryllium-copper) are used extensively
in industries such as automotive,
electronics, aerospace, and defense. In
electronics, for example, beryllia
ceramics provide good electrical
insulators with superior thermal
conductivity to remove heat.
Beryllium’s low neutron absorption,
high neutron scattering characteristics,
and ability to multiply neutrons have
led to its use in experimental nuclear
reactors and nuclear weapons.

1V. Health Effects
A. Introduction

Chronic beryllium disease (CBD) is a
disease of the lungs. CBD is caused by
the body’s reaction to inhaled beryllium
dust or fumes. The time in which an
individual may develop CBD may vary
from several months to many years after
exposure to beryllium. The body’s
reaction to beryllium is often called
‘““sensitization.” Sensitization means
that beryllium specific lymphocyte
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proliferation testing has demonstrated
that an individual is able to mount a cell
mediated immune response to
beryllium. Data suggest that even brief
or small exposures can lead to CBD.
Beryllium is also classified as a human
carcinogen (cancer-causing agent) by the
International Agency for Research on
Cancer (IARC) and by the American
Conference of Governmental Industrial
Hygienists (ACGIH).

Symptoms of CBD include one or
more of the following: cough, difficulty
breathing, fever, night sweats, fatigue,
weight loss, or appetite loss. On
physical examination, a doctor may find
signs of CBD, such as changes in lung
sounds, fever, and weight loss. A
radiograph (X-ray) of the lungs may
show many small scars. There may also
be an abnormal breathing test,
pulmonary function tests, and a blood
test, the beryllium-induced lymphocyte
proliferation test (Be-LPT). Examination
of lung tissue under the microscope may
show granulomas, which are signs of
damage due to the body’s reaction to
beryllium. CBD may be confused with
other lung diseases, especially
sarcoidosis.

Patients with CBD can be treated with
medication and, in more serious cases,
with oxygen. Patients who are
sensitized to beryllium do not need
medical treatment, but they must be
checked regularly for signs or symptoms
of CBD. CBD cannot be cured. Severe
CBD may be very disabling.

B. Chronic Beryllium Disease

Chronic beryllium disease is a
granulomatous disease affecting
primarily the lungs, although systemic
involvement may also occur. Exposure
occurs via inhalation of beryllium metal
or insoluble beryllium salts. Beryllium
is a hapten (a substance that provokes
an immune response only when
combined with another substance,
generally a protein) that binds to
peptides on mucosal surfaces. In
susceptible individuals the beryllium-
peptide complex initiates an immune
response, which may progress
ultimately to granuloma formation in
the pulmonary interstitium. Data have
suggested that CBD occurs at relatively
low exposure levels and, in some cases,
after relatively brief durations of
exposure. The typical latency period is
5 to 10 years, but it varies from several
months to 30 years or more.

Frequently reported symptoms
include dyspnea on exertion, cough,
chest pain and, less frequently,
arthralgias, fatigue, and weight loss.
Physical examination may be normal or
it may reveal rales, cyanosis, digital
clubbing, or lymphadenopathy. In

advanced cases, there may be
manifestations of right-sided heart
failure, including cor pulmonale.

The peripheral blood beryllium-
induced lymphocyte proliferation test
(Be-LPT) is used to detect in vitro the
immunologic response of human
lymphocytes to beryllium. A positive
Be-LPT indicates sensitization to
beryllium-containing antigens. A
diagnostic evaluation by means of
bronchoscopy with bronchoalveolar
lavage (BAL) and transbronchial biopsy
is indicated. The presence of
granulomata in the lung in a patient
with a positive lung Be-LPT is
diagnostic of CBD. In the absence of
granulomata or other clinical evidence
of CBD, individuals with positive Be-
LPTs are classified as sensitized to
beryllium.

The rate of progression from
sensitization to disease is unknown.
Once sensitization has occurred, it is
medically prudent to prevent additional
exposure to beryllium. However, this
measure has not been shown to prevent
or delay the progression of sensitization
to CBD.

The clinical course of CBD is highly
variable. Some individuals deteriorate
rapidly; most experience long, gradual
deteriorations. Treatment consists of
oral corticosteroid therapy. Individuals
with impaired respiratory gas exchange
may require continuous oxygen
administration.

Individuals sensitized to beryllium
are asymptomatic and not disabled.
Individuals with CBD have clinical
illness varying from mild to severe. In
severe cases, the affected individuals
may be permanently and totally
disabled. Mortality directly attributable
to CBD and its complications is
estimated to be 30 percent (ref.1).2 The
mortality estimate of 30% is based upon
historical data reflecting both the higher
levels of exposure that occurred in the
workplace prior to regulation of
workplace exposure in the late 1940s
and a tracking of the medical history of
subjects of CBD over several decades.
DOE’s more recent experience suggests
a lower mortality rate of 3% for CBD
cases.

C. Beryllium Exposures at DOE
Operations

Personal monitoring of occupational
exposures to beryllium was not widely
adopted at DOE sites until the 1980s.
Prior to the 1980s many sites relied on
area monitoring to assess occupational
exposures to beryllium. However, these

2 A listing of references is included at the end of
the preamble to this Notice of Proposed
Rulemaking.

have been shown to significantly
underestimate actual exposure levels.
Since 1984, personal sampling data
have provided more precise information
on occupational exposure to beryllium
at DOE sites.

Available personal sampling data
provides a clear indication of the low
levels of beryllium exposure which can
be achieved in both fabrication and
machining operations and
decommissioning and decontamination
projects when effective control
strategies are implemented. Most
beryllium fabrication and machining
operations at DOE to date have been at
the Rocky Flats facility and at the Y-12
plant in Oak Ridge. Over time,
engineering improvements and
advanced control strategies have
significantly reduced occupational
beryllium exposure levels in these
operations.

Since 1980, and continuing through
1996, about 1600 personal samples have
been collected at the Oak Ridge Y-12
Plant (Table 1). These samples were
taken at several different Y-12
operations with a bias toward sampling
those jobs where exposure potential was
greatest or where previous monitoring
results were high. Despite this bias, over
two thirds of sample results were below
the limit of detection of 0.1 pg/m3
(usually reported as ‘““none detected”).

TABLE 1.—OAK RIDGE Y—12 PLANT
PERSONAL SAMPLING

1980— 1990-
1989 1996
Number of samples | 148 ......... 1448.
Arithmetic Mean ...... 0.9 pg/m3 | 0.3 pg/ms.
Percent of samples 94% ........ 98%.
less than 2 pg/ms3.

These data are from beryllium
operations that are associated with cases
of chronic beryllium disease. The
facilities where these operations take
place have not been remodeled since the
1970s. Increased monitoring in the
1990s led to investigations of
exceedences over the existing exposure
limit and resulted in changes to work
practices that contributed to the high
readings. This focus on levels exceeding
the limit also led to a significant
reduction in average exposure levels.

Personal sampling data from the
Rocky Flats Building 444 Beryllium
Machine Shop (Table 2) collected in
1984-85 and after extensive remodeling
to the ventilation system in 1986
illustrate the impact and effectiveness of
engineering modifications to control
exposure.
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TABLE 2.—RoCKY FLATS BUILDING
444 BERYLLIUM MACHINE SHOP
PERSONAL SAMPLING DATA

1984-
1985 1986
Number of Samples | 99 .......... 279.
Arithmetic Mean ...... 1.19 pg/ 0.035 pg/
m3. m3.
Percent of samples | 84% ........ 99.6%.
less than 2 pg/ms.

The samples collected in 1984 were
the first personal samples collected in
this shop following the discovery of a
case of CBD that year. Controls in that
machine shop had previously been
judged to be adequate based on area
monitoring. In addition to the extensive
remodeling of the ventilation system in
the shop to minimize leakage from
hoods, operations performed outside of
hoods were eliminated to the extent
possible. The decision to implement
improved engineering controls in this
shop reduced average exposure levels
by a factor greater than 30 to levels
approaching 1% of the limits
established by the existing PEL.

A final example, taken from personal
sampling data collected during
decontamination of Rocky Flats
buildings 865 and 867 in 1995-1996,
further demonstrates the low levels of
beryllium exposure which can be
achieved through effective control
planning (See Table 3). Each worker was
sampled during each work shift during
this time period.

TABLE  3.—DECONTAMINATION OF
RoCKY FLATS BUILDINGS 865 AND
867 PERSONAL SAMPLING, 1995-
1996

Number of Samples .............. 7673.
Arithmetic Mean .................... 0.03 pg/ms.
Percent of samples less than | 99.8%.

2 pg/ms.

As can be seen from the foregoing
examples, Rocky Flats machining and
D&D operations achieved an exceptional
level of exposure control.

While the application of controls
eliminates predictable sources of
exposure, there still can be large day-to-
day variations in exposure. The
exposures that remain are likely to
reflect accidents, equipment failures, or
poor work planning. Meeting exposure
minimization goals will require
planning to limit the potential for such
occurrences and monitoring to detect
those that do occur so they can be
investigated and prevented from
reoccurring.

The personal monitoring results at
Rocky Flats and Y-12 indicate that most
exposures are very low with a few
exceptions. These exceptions account
for much of the total exposure that
workers receive.

D. Epidemiology

The first evidence of the existence of
chronic beryllium disease (CBD) was
reported in a 1946 paper by Hardy and
Tabershaw (ref. 2). The paper described
“delayed chemical pneumonitis’ among
fluorescent lamp workers exposed to
beryllium compounds. The differential
diagnosis included tuberculosis and